Background: Surgery and radiotherapy are considered local therapies for small cell lung cancer (SCLC). The present study aimed to select candidates for surgery as local therapy among patients with stage I or II SCLC, based on the eighth edition of the TNM classification for lung cancer.
Background
Lung cancer has become the most frequently diagnosed cancer in China [1] , and the first leading cause of cancer-related death worldwide [2] . Small cell lung cancer (SCLC) accounts for 10%-20% of lung cancers, in general [3] , and it has been estimated that 31,000 new SCLC cases will occur in the United States in 2017 [4] . Due to the nature of rapid growth and early metastasis, SCLC is usually associated with a poor overall prognosis, with the median survival ranging from 2 to 4 months when left untreated [5] . SCLC is highly sensitive to initial chemotherapy and radiotherapy. However, most patients relapse and become resistant to subsequent therapies, and eventually die [6] .
Treatment strategies for SCLC have changed a lot in history. Before the 1970s, surgery was performed to treat SCLC. In 1973, the first and only prospective, randomized trial that compared surgery with radiotherapy was conducted by the Medical Research Council (MRC) [7] . The trial revealed that patients treated with surgery had shorter survival than those treated with radiotherapy, and SCLC was considered not suitable for surgery in the latter two decades. A meta-analysis has proved that thoracic radiotherapy combined with chemotherapy moderately prolonged survival in patients with limited SCLC in 1992 [8] . After that, the combination of chemotherapy and radiotherapy became the standard treatment of limited SCLC.
In contrast with the conclusion of the MRC [7] , it was also reported that patients with early-stage disease might benefit from surgery [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The present National Comprehensive Cancer Network (NCCN) guidelines [19] recommends pulmonary resection (lobectomy preferred) and mediastinal lymph node dissection or sampling as the initial treatment and systemic chemotherapy as the adjuvant treatment for patients who have clinical T1-2N0 (seventh edition TNM classification, tumor size ≤ 70 mm without positive lymph nodes) SCLC with negative pathologic mediastinal staging. Patients with limited stage SCLC in excess of T1-2N0 should undergo systemic therapy with or without radiotherapy [19] . It could be concluded that NCCN recommends systemic therapy with or without local therapy (surgery or radiotherapy) for limited stage SCLC and surgery as local therapy due to its suitability for patients with T1-2N0 disease. However, this guideline was based on lower-level evidence, which was considered in category 2A. In fact, the criteria of patients who receive surgery as part of multimodality treatment have varied widely in literature [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Appropriate candidates for surgery as local therapy remain debatable.
The Surveillance, Epidemiology, and End Results (SEER) database comprises of a set of geographically defined, population-based central cancer registries in the United States that collects data concerning the demographics, diagnosis, treatment and survival outcomes of individual patients. The eighth edition of the TNM classification has been published in late 2016, and the continued usage of this system for SCLC was recommended [20, 21] . The present study aimed to select candidates for surgery as local therapy among early-stage (stage I or II) SCLC patients by analyzing data obtained from the SEER database based on the eighth edition of the TNM classification.
Methods

Study cohort
The Incidence-SEER 18 Registries Research Data and Hurricane Katrina Impacted Louisiana Cases were used for the present analysis. Patients who were older than 18 years and diagnosed with primary SCLC between 2004 and 2013 were selected from the SEER database. SCLC was defined by morphology codes 8002 and 8041-8045 and morphology site "lung and bronchus" when using SEER*Stat version 8.3.2. The TNM stage was re-classified according to the eighth edition of the TNM classification for lung cancer [21] . Exclusion criteria included (a) status of surgery or status of radiotherapy could not be identified, (b) cases with an autopsy or death certificate, and (c) the TNM stage could not be re-classified according to the eighth edition of the TNM classification [21] .
Staging
Pathological staging was used for patients who received surgical staging of the mediastinum, whereas the other patients without surgical staging of the mediastinum were clinically staged. The T category for patients was re-classified using the SEER code "CS tumor size, " "lung pleural elastic layer invasion PL by hand or elastic, " "lung separate tumor nodules ipsilateral lung, " and "CS extension, " according to the eighth edition of the TNM classification for lung cancer [21] . The original N and M categories of patients used in the SEER database were reserved and directly transferred into the eighth edition of the TNM classification (except that some specific M1 categories of some patients in the sixth edition were transferred to T4M0 category in the eighth edition) due to the slight difference in N and M categories through the sixth to eighth edition of the TNM classification.
Groups and stratums
Patients were divided into four groups according to the type of local therapy they received: surgery, radiotherapy, surgery + radiotherapy, and no surgery or radiotherapy. Patients who underwent beam radiotherapy were identified as patients who underwent radiotherapy.
Stage I or II SCLC patients were included in the present study. These patients were divided into four stratums: T1N0, T2N0, T3N0, and T1-2N1. Analysis was separately performed for these four different stratums.
Outcomes
The outcomes in the present study included overall survival (OS) and lung cancer-specific survival (LCSS), based on SEER codes "Vital status recode study cutoff used" and "SEER cause-specific death classification", respectively. OS was defined as the time from diagnosis until death or the last follow-up. Patients who were not deceased were censored at the date they were last known to be alive. LCSS was defined as the time from diagnosis until death attributed to lung cancer or the last followup, and patients who were not deceased or died due to other causes (not lung cancer) was censored at the date they were last known to be alive or the date they died due to other causes. Patient outcome was achieved up to December 31, 2013.
Statistical analyses
Continuous variables were compared using the Student's t test. Unordered categorical variables were analyzed using Person's χ 2 test, and ordered categorical variables by Mann-Whitney test. Survival curves were constructed using the Kaplan-Meier method and compared using the log-rank test. Multivariable Cox regression models were used to identify relevant variables that affect survival. A two-sided P value < 0.05 was considered statistically significant. Statistical analysis was performed using SPSS 23.0 (SPSS Inc. Chicago, IL, USA), and the survival curves were drawn using GraphPad Prism 6.0 (GraphPad Software, San Diego, CA, USA).
Results
Baseline characteristics
A total of 2129 patients with stage I or stage II SCLC were included in the present cohort. The numbers of patients with stage IA, IB, IIA, and IIB SCLC were 723, 397, 201, and 808, respectively. The most common local therapy was radiotherapy (n = 1032, 48.5%), followed by no surgery or radiotherapy (n = 556, 26.1%). Patients who received surgery had a lower TNM stage (P < 0.001) and had a higher likelihood of being white race (P = 0.011) than patients who underwent radiotherapy. Details of the baseline characteristics of patients are listed in Table 1 .
Survival analysis and multivariable Cox regression analysis for the entire cohort
The median OS and 5-year OS rate for the entire cohort were 20.0 months and 24.6%, respectively, and the median LCSS and 5-year LCSS rate were 23.0 months and 31.9%, respectively. The median OS and 5-year OS rates for patients who received surgery, radiotherapy, surgery + radiotherapy, and no surgery or radiotherapy were 32.0 months and 38.9%, 24.0 months and 25.9%, 34.0 months and 42.7%, and 9.0 months and 7.2%, respectively. The median LCSS and 5-year LCSS rates for patients who received surgery, radiotherapy, surgery + radiotherapy, and no surgery or radiotherapy were 56.0 months and 48.3%, 29.0 months and 33.8%, 42.0 months and 46.5%, and 11.0 months and 11.0%, respectively. Patients who received surgery with or without radiotherapy had longer OS and LCSS than patients who underwent radiotherapy alone (all P < 0.001). When comparing OS (P = 0.147) and LCSS (P = 0.632) between patients who received surgery alone and surgery + radiotherapy, no significant differences were observed. Patients who received radiotherapy had longer OS (P < 0.001) and LCSS (P < 0.001) than patients who did not undergo surgery or radiotherapy (Fig. 1) . The multivariable Cox regression analysis supported the outcomes of the survival analysis ( Table 2) .
Survival analysis between patients who underwent surgery and radiotherapy for each stratum
For T1N0 cases, patients who underwent surgery had longer OS and LCSS than did those who underwent radiotherapy (both P < 0.001); 5-year OS rate for surgery or radiotherapy were 46.0% vs. 23.8%, and 5-year LCSS rate for surgery or radiotherapy were 58.4% vs. 36.4%, respectively (Fig. 2a, b ). For patients with T2N0 SCLC, similar outcomes of survival analysis were found ( Fig. 2c, d) ; median survival time and 5-year survival rate for patients who underwent surgery or radiotherapy were 41.0 months and 42.6% vs. 23.0 months and 24.7% (P = 0.004, OS) and 57.0 months and 48.8% vs. 27.0 months and 31.3% (P = 0.011, LCSS). For T3N0 or T1-2N1 cases, patients did not benefit from surgery, compared with radiotherapy. For patients with T3N0 SCLC (Fig. 3a, b) , median OS time and 5-year OS rate were 16.0 months and 16.2% in surgery group vs. 28.0 months and 26.5% in radiotherapy group (P = 0.085). Median LCSS time and 5-year LCSS rate were 19 months and 29% in surgery group vs. 31 months and 31% in radiotherapy group (P = 0.372). For patients with T1-2N1 SCLC (Fig. 3c, d ), median survival time and 5-year survival rate of surgery group and radiotherapy group were 20.0 months and 20.3% vs. 24 months and 29.0% (P = 0.146, OS) and 20.0 months and 25.6% vs. 27.0 months and 35.5% (P = 0.064, LCSS).
Multivariable Cox regression analysis for each stratum
After adjusting for age, race, sex, laterality of tumor location, and year of diagnosis, the multivariate regression analysis results for each stratum revealed that the patients who underwent surgery had a lower risk of death than patients who underwent radiotherapy in terms of OS (HR: 0. ) for patients with T1N0 or T2N0 SCLC; for T3N0 cases, surgery was not associated with a low risk of death in terms of OS and LCSS; for patients with T1-2N1 SCLC, surgery was associated with a high risk of LCSS (HR: 1.419; 95% CI 1.003-2.006) ( Table 3) .
Comparison between surgery plus postoperative radiotherapy (PORT) and surgery in T1-2N0 cases
Among 83 patients with T1-2N0 SCLC who underwent surgery and radiotherapy, 79 (95.2%) patients underwent radiotherapy after surgery. For T1N0 cases, patients who received surgery + PORT had a higher 5-year OS rate than patients who underwent surgery alone (67.8% vs. 46.0%, P = 0.014, Fig. 4a ), whereas the difference in 5-year LCSS rate between the two groups was not statistically significant (72.1% vs. 58.4%, P = 0.082, Fig. 4b ). For T2N0 cases, no significant differences in survival rates were found between patients who underwent surgery + PORT and those who underwent surgery alone (5-year OS rate: 49.5% vs. 42.6%, P = 0.633, Fig. 4c ; 5-year LCSS rate: 54.9% vs. 48.8%, P = 0.473, Fig. 4d ). The multivariate analysis revealed that after adjustment for age, sex, race, laterality of tumor location, year of diagnosis, and type of resection, the HR for receiving surgery + PORT or surgery alone were not statistically significant in both T1N0 and T2N0 cases in terms of OS (HR: 0.594, 95% CI 0. 
Discussion
In this large national database-based study, it was found that surgery was associated with longer survival in patients with T1-2N0 SCLC, when compared with radiotherapy. For patients with T3N0 or T1-2N1 SCLC, surgery was associated with shorter survival, compared with radiotherapy, but the difference was not statistically significant. In other words, only patients with T1-2N0 SCLC may benefit from surgery as local treatment. Chemotherapy is essential in the management of SCLC at present, even for patients with "limited" disease. This recommended therapy scheme was supported by two randomized trials, which found no survival benefits for groups that added surgery to multimodality management for limited stage SCLC [7, 22] . However, these two previous trials suffered critiques due to limitations such as the lack of platinum-based chemotherapy, the presence of bulky nodal disease, and the considerable proportion of patients who received incomplete resection. In addition, peripheral nodules and normal bronchoscopies were excluded in Lad et al. 's study [22] , and these nodules might all belong to T1-2 lesions without positive lymph nodes, which was considered to be suitable for surgery in the present study.
In contrast with the conclusions of these two trials, it has been reported that patients with early-stage disease might benefit from surgery [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The main conclusions of these studies are listed in Table 4 .
Several single-institution retrospective studies reported that surgery was related to a reasonable survival, with a 5-year OS rate ranging from 45% to 58% for patients with stage I disease [10, 12, 13] . A study based on the SEER database was conducted by Yu et al. [14] . They concluded that patients with stage I SCLC who received lobectomy had a reasonable survival (5-year OS rate: 49.1%). The patients included in these studies were all treated before 2009, when stage I was defined as T1-2N0, which might contain tumors of any size without positive lymph nodes according to the sixth or earlier edition of the TNM classification. Although we also consider that patients with T1-2N0 SCLC were candidates for surgery as local therapy, the present study included less patients (tumor size ≤ 50 mm without positive lymph nodes) than did previous studies.
Other studies concluded that patients with limited stage SCLC, and not only stage I disease, might consider surgery as part of multimodality treatment. Lim et al. [15] identified 59 patients who underwent complete resection and nodal dissection, in which 13 patients had stage II SCLC and 10 patients had stage III SCLC, and the 5-year survival rate for these patients was 52%. Hanagiri et al. [16] reviewed 31 patients treated after 1994 which contained nine patients with stage IIIA SCLC and seven with stage IIIB disease, and a 5-year survival rate of 38.3% was acquired for these patients. The studies above lacked of control groups and did not prove that patients with tumors larger than 50 mm could benefit from surgery [10, [12] [13] [14] [15] [16] .
Other two studies that included control groups supported that surgery should be considered for patients with, but not limited to, stage I SCLC [17, 18] . A study conducted by Combs et al. [17] identified 2476 patients with resected SCLC from the National Cancer Database. After adjustment for age, stage, and comorbidity scores, it was concluded that the addition of surgery to chemotherapy was associated with a decreased likelihood of death (HR: 0.57, 95% CI 0.47-0.68). The authors concluded that these patients could benefit from surgery, compared with patients in the non-surgery group; however, the authors only compared surgery group with nonsurgery group, and they did not compared surgery group with radiotherapy group [17] . Weksler et al. [18] identified 3556 patients with stage I or II SCLC from the SEER database. Pulmonary resection was performed in 895 (25.1%) patients. The median survival was 38.0 months vs. 16.0 months (P < 0.001) in patients with stage I disease and 25 months vs. 14 months (P < 0.001) in patients with stage II disease in the surgery and non-surgery groups. Similar with the study conducted by Combs et al. [17] , the study conducted by Weksler et al. [18] did not distinguish patients who received radiotherapy from the non-surgery group either. Weksler et al. [18] reported that radiotherapy decreased the risk of death by 42% (HR: 0.585, 95% CI 0.537-0.636), whereas surgery decreased the risk by 55% (HR: 0.447, 95% CI 0.389-0.513). Patients benefiting more from surgery than from non-surgery do not mean that surgery may result in longer survival, compared with radiotherapy.
Weksler et al. [18] also compared wedge resection to radiotherapy for patients with stage I or II SCLC, and found that wedge resection prolonged median survival from 16 to 25 months (P < 0.001). However, Weksler's study took patients with stage I or II SCLC as an entirety. When patients with stage I or II SCLC were considered as an entirety, the present study also observed that these patients could benefit from surgery, compared with radiotherapy. However, when the comparison was performed in patients with IIB (T3N0 or T1-2N1) SCLC, the advantage of surgery disappeared. For patients with T1-2N0 SCLC, who should consider surgery as local therapy, the present study also compared surgery + PORT and surgery alone (Fig. 4) . For T1N0 cases, the survival analysis for OS demonstrated that the patients who underwent surgery + PORT had a significantly longer OS than the patients who underwent surgery alone (Fig. 4a) ; however, neither the survival analysis for LCSS nor multivariable Cox regression revealed that patients with T1N0 could benefit from the addition of PORT to surgery. For T2N0 cases, survival analysis and multivariable Cox regression also demonstrated that patients with T2N0 SCLC could not benefit from the addition of PORT to surgery.
Wong et al. [23] found that the use of PORT deteriorated OS in patients with pN0 disease. Varlotto et al. [24] reported that the addition of irradiation to resection provided no additional benefit for patients with stage I SCLC. Similar with previous studies, the present study also found that T2N0 patients would not benefit from PORT. The multivariate Cox regression analysis results of OS and LCSS and Kaplan-Meier analysis results of LCSS also revealed that T1N0 cases would not benefit from PORT. However, the Kaplan-Meier analysis of OS of T1N0 cases revealed a contradictory outcome. This might be caused by differences in other factors between surgery + PORT and surgery alone in T1N0 patients, since the multivariable analysis results of OS in T1N0 patients revealed that surgery + PORT versus surgery alone was not a significant prognostic factor (HR: 0.594; 95% CI 0.338-1.044). Another potential reason might be the difference in physical status between patients who received surgery + PORT or surgery alone. Patients who underwent surgery + PORT might have a better physical status or pulmonary function than patients who underwent surgery alone. Better physical status might contribute to longer OS for patients who received surgery + PORT. When comparing LCSS, the patients who underwent surgery + PORT no longer had significant longer survival than did those who underwent surgery alone (P = 0.082), which might support that the OS benefits of surgery + PORT might be the result of the better physical status of patients who received surgery + PORT. In addition to treatment, the multivariate analysis also demonstrated that age, year of diagnosis, T category, and N category were independent predictors for mortality. The international association for the study of lung cancer (IASLC) staging project identified that survival was associated with both T category and N category, while no significant difference was observed between cN0 and cN1 [25] . In the present study, we found that N1 did increase the likelihood of overall death and lung cancerspecific death in stage I or II patients (Table 2) . Varlotto et al. [24] reported that early year of diagnosis, older age, stage II, and large tumor size were risks of poor survival in patients with stage I or II SCLC who received surgery and/or radiotherapy. However, they did not take the N category into the multivariate model. Tumor size was an independent risk factor for poor survival, which supports that T category was an independent predictor for mortality. In the SEER database analysis, Lally et al. [26] demonstrated that older age, male sex, African American, and larger tumor size were associated with short survival. However, they did not determine whether patients received surgery when constructing the multivariate model. Two other studies from the SEER database also considered older age a hazard factor for survival [9, 18] . Consistent with the multivariate analysis, we observed that patients diagnosed during 2007-2010 and late 2011 had longer OS than patients diagnosed during 2004-2006 (P < 0.001, P = 0.001). Prolonged survival in patients diagnosed in later years might be due to better cancer In the present study, we did not have access to the chemotherapy data of patients from the SEER database, which may result in bias in the present findings. We could only assume that an overwhelming majority of these patients who could tolerate surgery or radiotherapy received some types of systemic therapy. Bias in staging was another limitation of the present study. Patients who did not receive surgery did not receive pleural invasion examinations and might have been incorrectly staged as IA (since pleura invasion was classified into T2b). Patients in the radiotherapy group might also have occult lymph node metastasis due to the lack of pathologic lymph node staging. Furthermore, TNM stage of patients in the radiotherapy group might be higher than that of patients in surgery group, which would make an adverse impact on survival of patients undergoing radiotherapy. The limitations of the present study also included the inherent bias of the retrospective analysis, and the absence of the comorbidity information and performance status of patients. Patients who received surgery might suffer less comorbidities and have a better performance status than patients who received radiotherapy, which could lead to longer survival for patients in the surgery group. The biases mentioned above, which might benefit patients in the surgery group, indicate that surgery, as an optimal local therapy for T1-2N0 SCLC, required more verifications by prospective studies, but had less impact on the conclusion that patients with T3N0 or T1-2N1 SCLC should consider radiotherapy as local therapy.
Conclusions
Base on the assumption that the majority of these stage I or II SCLC patients who underwent surgery or radiotherapy also received some types of systemic therapy, the present study recommends that only patients with T1-2 (tumor size ≤ 50 mm) N0 SCLC should consider surgery as local therapy. Patients with T3N0 or T1-2N1 SCLC might consider radiotherapy as local therapy. Authors' contributions JKQ and ZKQ collected and assembled the data. All authors designed this study, analyzed the data, and wrought the manuscript. All authors read and approved the final manuscript.
